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(54) SPHERIC SEMICONDUCTOR DEVICE, METHOD FOR MANUFACTURING THE SAME, AND 
SPHERIC SEMICONDUCTOR DEVICE MATERIAL 



(57) The present invention discloses a small spher- 
ical solar cell SS (spherical semiconductor) and the 
manufacturing method for the same, comprising: a 
spherical core 1; a reflective film 2 formed on the sur- 
face of core 1 ; a semiconductor thin film layer (p type 
polycrystalline silicon thin film 4a, n+ diffusion layer 7) 
which is approximately spherical and is formed on the 
surface of reflective film 2; a n+p junction 8 which is 
formed on semiconductor thin film layer; passivation film 

FIG.11 



9; and a surface protective fflm 10 of titanium dioxide; a 
pair of electrodes 11a, 11b connected to both sides of 
n-tp junction 8. Other than spherical solar cell SS, the 
following are also disclosed: a spherical crystal manu- 
facturing device; 2 types of spherical solar cells; 2 types 
of spherical photocatalytic elements; a spherical light 
emitting element which emits visfole blue light; 2 types 
of spherical semiconductor device materials. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a spherical 
semiconductor device and the manufacture method for 
the same. The spherical semiconductor device can be 
applied to various uses as a photo micro solar cell, 
detecting element light emitting element or as a photo- 
catalytic element The spherical semiconductor device 
comprises a semiconductor thin film layer on the sur- 
face of a small spherical core made of a semiconductor 
material, insulating material or metallic material, and 
has at least one pair of electrodes. The present inven- 
tion also relates to a spherical semiconductor device 
material. 

BACKGROUND TECHNOLOGY 

[0002] Various solar cells in which a semiconductor 
converts solar energy into electrical energy are widely 
used. With these solar cells, the semiconductor sub- 
strate is planar. The light-receiving surface as well as 
the pn-junction which is formed in its interior are also 
largely formed as a flat surface. The electrodes as a 
mechanical support are provided on the substrate side. 
As a result the light-receiving surface is limited to the 
front surface, and photoelectric conversion from the 
backside is not possible. Furthermore, as the angle of 
incidence of the light becomes larger, light reflection 
increases, and the photoelectric conversion efficiency is 
reduced. 

[0003] The semiconductor photocatalyst generates a 
photovoltage when it receives solar light and causes an 
electrochemical reaction by this photovoltage. Metal 
oxide semiconductors such as titanium dioxide (T1O2), 
strontium titanate (SrTi0 3 ), or the like have been utilized 
as the semiconductor photocatalyst Photocatalysts in 
which a metal such as platinum or the like is supported 
on a powder of metal oxide semiconductor have been 
researched. Electrodes formed by a thin layer of tita- 
nium dioxide on one side of titanium plate have also 
been researched. Because metal oxide semiconductors 
such as titanium dioxide or the like have a large energy 
band gap, electrolysis of water is possible, and they do 
not dissolve in an electrolytic solution. However, tita- 
nium dioxide does not function as a photocatalyst when 
the light spectrum has a wavelength of approximately 
410 nm or greater. As a result the photoelectric conver- 
sion efficiency with respect to sunlight is low. 
[0004] In US Pat. No. 4,021 ,323, there is described a 
technology, wherein: small amounts of molten silicon 
melt are sprayed from a small nozzle which is placed on 
the upper end of a shot tower; silicon melt is allowed to 
free fall, and spherical crystals of silicon are created. 
However with this technology, impurities from the nozzle 
may become dissolved into the molten silicon. Further- 
more, because there is a volume increase when molten 



silicon solidifies, and because solidification begins from 
the surface, the part which solidifies last win protrude 
towards the surface of the spherical crystal, and a pro- 
truding area is formed. A truly spherical sphere crystal 

5 can not be formed. However, with the drop tube type 
experimental apparatus of NASA, because it is 
equipped with an electromagnetic levttation heating 
equipment, the material is allowed to melt without cruci- 
ble and free fall. 

to [0005] In this US Pat, a pn junction which can conduct 
photoelectric conversion is formed on the spherical 
crystal of silicon. There is also disclosed a solar cell 
array where a plurality of these spherical crystals (micro 
photocells) are lined up and connected to a common 

15 metal electrode film. There is also disclosed a photo- 
chemical energy conversion device wherein: these solar 
cell arrays are submerged in electrolyte solution; and 
electrolysis of a solution of hydroiodic acid and hydro- 
bromic acid proceeds by the photovoltage provided by 

so the photoelectric conversion of sunlight 

[0006] However, because each of the spherical crys- 
tals are attached to the metal electrode film which is the 
common electrode, incident light can only be received 
from the front surface side. Because a plurality of micro 

25 photocells share the metal electrode fim, each individ- 
ual micro photocells can not be used as independent 
solar cell elements. As a result, the micro photocells can 
not be dispersed in the electrolyte solution, their instal- 
lation positions can not be changed, nor can they be 

30 recovered and reused or washed. The limitations in its 
use as a semiconductor photocatalyst are extremely 
large. In addition, in this USP, there is no disclosure 
regarding the use of semiconductors with photocatalytic 
function as electrodes for the micro photocells, nor is 

35 there disclosure regarding the use of semiconductors 
which have photocatalytic function and which are 
selected by considering the reaction activity or reaction 
selectivity. In the art of this US patent each of the micro- 
photocells described above do not have their own pair 

40 of electrodes. A single or a plurality of spherical semi- 
conductor elements having a pn junction can not be 
incorporated into a semiconductor device in such a way 
that they are independent cells or elements. Because 
the mode of electrical connection of the plurality of 

46 spherical semiconductor elements is fixed, it lacks in 
generalizability and is not practical. 
[0007] In a previous international patent application 
(PCT/JP 96/02948), the present inventors have pro- 
posed a new spherical semiconductor device which can 

so be used variously as a light detecting element (photoe- 
lectric conversion element), light emitting element (elec- 
trophoto conversion element), or photocatalytic 
element This spherical semiconductor device is basi- 
cally a spherical crystal of semiconductor with a pn 

55 junction (or a MIS configuration. Schottky barrier) and a 
pair of electrodes. For the photocatalytic device, an 
electrode coating of a oxide semiconductor which has a 
photocatalytic function is formed on one electrode. In 
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the previous international patent application, the follow- 
ing devices are proposed: a device where the spherical 
semiconductor device is used alone; a device where a 
plurality of spherical semiconductor devices are con- 
nected in series; a device where a plurality of spherical 5 
semiconductor devices are placed in a matrix; an elec- 
trolysis device where a plurality of spherical semicon- 
ductor devices are scattered in an electrolyte solution. 
[0008] In the present invention, we propose a spheri- 
cal semiconductor device and the manufacturing 10 
method for the same in which the spherical semicon- 
ductor device proposed in the previous international 
patent application is improved. 
[0009] The basic object of the present invention is to 
provide a new construction for a spherical semiconduc- is 
tor device and a manufacturing method for the same 
which can be used variously as a light-receiving ele- 
ment, light-emitting element, or a photocatalytic ele- 
ment. A further object of the present invention is to 
provide a spherical semiconductor device which is 20 
appropriate for making a solar cell which has excellent 
performance and high durability. A further object of the 
present invention is to manufacture this device with as 
small amount of semiconductor material as possible. A 
further object of the present invention is to improve the 25 
mechanical strength and chemical stability of the sur- 
face of this device as well as making the surface less 
easily contaminated. A further object of the present 
invention is to heighten the output power, photoelectric 
conversion efficiency, generalizabilrty and practicality. so 

DISCLOSURE OF THE INVENTION 

[001 0] The present invention is a spherical semicon- 
ductor device, comprising: a spherical core; a semicon- ss 
ductor thin film layer which is approximately spherical 
and is formed either on the surface of the core or near 
the outer side of the core; at least one pn junction 
formed on this semiconductor thin film layer; a pair of 
electrodes connected to both sides of this pn junction. 40 
[001 1 ] The core is constructed from a semiconductor 
material such as silicon or the like, or an insulating 
material, or a metal material. The semiconductor mate- 
rial used for the core can be a semiconductor of lower 
quality than the semiconductor which constructs the 45 
semiconductor thin film layer and can be a metallurgical 
silicon. Metal material used for the core is preferably a 
metal material which has a thermal expansion coeffi- 
cient close to the thermal expansion coefficient of the 
semiconductor thin film layer. The insulating material so 
used for the core is preferably an insulating material 
(preferably transparent) with a thermal expansion coef- 
ficient close to the thermal expansion coefficient of the 
semiconductor thin fOm layer. Because the core does 
not need to be constructed from a high grade semicon- 55 
ductor material, the usage amount of high grade semi- 
conductor material is reduced, and material costs can 
be greatly reduced. This becomes advantageous for 



manufacturing. 

[001 2] The thin semiconductor f flm layer can be con- 
structed from Si or SiGe alloyed crystal semiconductor, 
or a lll-V group compound semiconductor such as 
GaAs or InP or the like, or a chalcopearirte semiconduc- 
tor such as CulnSe2. When the pn junction has a photo- 
electric conversion function wherein incident light 
coming from the outside is absorbed and photovoftage 
is generated, the semiconductor device can be a solar 
cell or a light detecting element Furthermore, when the 
pn-junction has a electrophoto conversion function 
wherein an electrical current supplied from a pair of 
external electrodes is converted to light and is emitted 
to the outside, the semiconductor device can be a light- 
emitting element 

[0013] An individual spherical semiconductor device 
can be a light detecting element or a light emitting ele- 
ment If a plurality of spherical semiconductor devices 
are connected in series, it becomes an arrayed light 
detecting device or light emitting device. If a plurality of 
spherical semiconductor devices are arranged in a 
matrix, it becomes a sheet light detecting device or light 
emitting device. For example, by using a sheet color 
emitting device in which a plurality of red light emitting 
elements, green light emitting elements, and blue light 
emitting elements are arranged in a matrix, a color dis- 
play can be constructed. 

[0014] With this spherical semiconductor device, 
except for the pair of electrodes, light can be received 
from all directions on the sphere surface, and light can 
be emitted from all directions on the sphere surface. 
When using the spherical semiconductor device as a 
solar cell sheet even if the angle of incidence of the 
sunlight changes, the rate of reflection does not 
increase, and as a result, the photoelectric conversion 
efficiency is heightened. With this solar cell sheet, 
because a portion of the light is also transmitted, it can 
also act as window glass. 

[001 5] Spherical semiconductor devices,' which have 
a photoelectric conversion function wherein a coating 
(for example a coating of titanium dioxide) which has a 
photocatalytic function covers at least the surface of one 
of the electrodes, can be a particulate photocatalytic 
element This photocatalytic element can be used in the 
electrolysis by light energy of various electrolyte solu- 
tions. In this case, a plurality of photocatalytic elements 
can be scattered and placed in the bottom of an electro- 
lyte solution chamber, and light is shined. Depending on 
the electrolytic potential, photocatalytic elements can be 
connected serially several at a time in order to generate 
the required photovoltage. 

[0016] In order to improve the performance of the 
spherical semiconductor devices described above, the 
following constructions can also be added. 
[0017] For the spherical semiconductor as the light 
detecting element a passivation film which confines 
carriers is formed on at least one surface of either the 
inner surface or outer surface of the semiconductor thin 
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film layer where photovortage is generated. This results 
in an increased photovoltage. A reflective surface which 
has slight irregularities can be positioned on the interior 
of the semiconductor thin film layer and positioned 
either on the surface of or near the outside of the core. 
Transmitted light which passes through the semicon- 
ductor thin film layer or radiated light generated from the 
semiconductor thin film layer is reflected by the reflec- 
tive surface. This results in an increased light-receiving 
efficiency or light-emitting efficiency. Excluding the sur- 
face of the pair of electrodes, a transparent insulating 
film can be formed on the outermost surface. This trans- 
parent insulating film also acts as a anti- reflective film 
which prevents the reflection of outside light When a 
film of titanium dioxide which has a photocatalytic func- 
tion is formed as the insulating/anti-reflective film, not 
only is the mechanical strength and chemical stability of 
the outer surface of the spherical semiconductor device 
improved, but it also makes contamination more diffi- 
cult. Substances which adhere to the outer surface of 
the spherical semiconductor device is electrotyzed by 
the photocatalytic action of the titanium dioxide, and as 
a result, surface contamination is easier to prevent. The 
reduction in performance of the spherical semiconduc- 
tor device due to contamination of the outer surface is 
virtually eliminated. 

[0018] The manufacturing method for the spherical 
semiconductor device of the present invention is a 4 
step process, wherein: in the first step, a spherical core 
is created using core material selected the group con- 
sisting of: semiconductor material, insulating material or 
metal material; in the second step, a semiconductor thin 
film layer is formed in approximately a spherical surface 
shape on the surface of the core or near the outside of 
the core; in the third step, at least one pn junction is 
formed on the semiconductor thin film layer; in the 
fourth step, a pair of electrodes which is connected to 
both sides of the pn junction is formed. 
[0019] In the first step, core material is heated and 
melted while being levitated by a levitating means. This 
melt is dropped inside a drop tube and allowed to solid- 
ify to become a spherical core. In this situation, the mix- 
ing of impurities is prevented, and a truly spherical core 
can be created by allowing the material to solidify while 
it maintains a true sphere shape due to the action of 
surface tension in the absence of the influence of grav- 
ity. However, the core can also be made spherical by 
polishing or etching the core material by mechanical, 
chemical or electrical means. 

[0020] Afterwards, when the semiconductor thin film 
layer, the pn junction, the pair of electrodes, and the like 
are formed on the core, a spherical semiconductor 
device which is truly spherical can be created. If the 
core is a true sphere, it gives a spherical symmetry to 
the semiconductor thin film layer, and the performance 
of the semiconductor thin fflm layer and pn junction can 
be improved. 

[0021 ] In the second step, it is preferred that at least a 



portion of the processing for the formation of the semi- 
conductor thin film layer be conducted while levitating 
the processing object, which includes the core, by an 
electromagnetic or a static electricity levitating means. 
5 In this situation, an uniform semiconductor thin film can 
be formed. 

[0022] After the second step and before the third step, 
the small spherical body which includes the core and 
the semiconductor thin film layer can have the heating 

10 and dropping step repeated. This involves heating and 
melting by an electromagnetic levitation heating means, 
and dropping the melt inside a drop tube. In this situa- 
tion, the semiconductor thin film layer can be crystal- 
lized to a monocrystal or poly crystal. In the first step, 

is core material made of a monocrystal of a semiconduc- 
tor or sapphire or the like is used. In the reheating and 
dropping step described above, the semiconductor thin 
film layer can be monocrystallized using the core as the 
seed for crystal growth. 

20 [0023] After the second step and before the third step, 
a coating formation step and a repeating of the heating 
and dropping steps can be conducted. The coating for- 
mation step forms an inorganic, heat- resistant, insulat- 
ing coating on the surface of the semiconductor thin film 

25 layer. In the reheating and dropping steps, the small 
spherical body which includes the core and semicon- 
ductor thin film layer are heated and melted by an elec- 
tromagnetic levitation heating means, and the molten 
semiconductor thin film is allowed to solidify while falling 

30 inside a drop tube. In this case, since the semiconductor 
thin fflm layer is covered with an inorganic, heat-resist- 
ant Coating film, when it is heated and melted and then 
solidified, the mixing of impurities into the semiconduc- 
tor thin film layer is prevented, and irregularities in the 

35 thickness of the semiconductor are also prevented. 
[0024] After the third step and before the fourth step, 
an insulating film formation step can be conducted. In 
this step an insulating film of titanium dioxide is formed 
. so that it is positioned on the outermost surface of the 

40 spherical semiconductor device. In this situation, an 
insulating film of titanium dioxide, which has excellent 
mechanical strength and chemical stability and has 
photocatalytic function, can be formed on the outer 
most surface of the spherical semiconductor device. 

45 [0025] Furthermore, all of or a portion of the process- 
ing after the semiconductor thin f Sm formation, including 
pn junction formation, electrode formation, surface pro- 
tection film formation or the like, can be conducted while 
having the object levitated by an electromagnetic or 

so static electricity levitation means. 

[0026] The spherical semiconductor device material off 
the present invention comprises: a spherical core; a 
semiconductor thin film layer formed approximately 
spherically on the surface of or near the outer side of the 

55 core. The spherical semiconductor device material is 
used as material for various spherical semiconductor 
devices. The core is preferably constructed from one of 
the following materials: a semiconductor with properties 
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different from the semiconductor which constructs the 
semiconductor thin film layer (same type of metal semi- 
conductor, lower quality semiconductor, different type of 
semiconductor, or the like); transparent insulating mate- 
rial; or metal material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Referring to Figures 1-13. there are shown fig- 
ures relating to embodiment 1 of the present invention. 
Referring to Figure 1, there is shown a cross-section of 
a spherical body which has a reflective fflm on a spheri- 
cal core. Referring to Figure 2, there is shown a cross- 
section of a spherical body which is the spherical body 
of Figure 1 with openings in the reflective film. Referring 
to Figure 3, there is shown a cross-section of a spheri- 
cal body which is the spherical body of Figure 2 with a p 
type polycrystalline silicon thin fflm formed on its sur- 
face. Referring to Figure 4, there is shown a cross-sec- 
tion of the spherical body of Figure 3 with a silicon 
dioxide film on its surface. Referring to Figure 5, there is 
shown across-section of the spherical body of Figure 4 
in which the p type polycrystal silicon thin layer is con- 
verted to a p type recrystallization silicon layer. Refer- 
ring to Figure 6, there is shown a cross-section of a 
spherical body of Figure 5 in which a portion of the 
spherical body is masked and an n+ diffusion layer is 
formed on the spherical body. Referring to Figure 6, 
there is shown a cross-section of a spherical body of 
Figure 6 in which a passivation layer is formed on its 
surface. Referring to Figure 8, there is shown a cross- 
section of the spherical body of Figure 7 in which a sur- 
face protective film is formed on the spherical body. 
Referring to Figure 9, there is shown a cross-section of 
the spherical body of Figure 8 in which openings for 
electrodes are formed on the spherical body. Referring 
to Figure 10, there is shown a cross-section of a spher- 
ical solar cell. Referring to Figure 11, there is shown a 
partial expanded cross-section of the spherical solar 
cell of Figure 10. Referring to Figure 12, there is shown 
a block diagram of a spherical crystal manufacturing 
device. Referring to Figure 13(a), there is shown the 
temperature distribution of the melt immediately after 
melting. Referring to Figure 13(b), there is shown the 
temperature distribution of the melt after initiation off 
dropping. Referring to Figure 13(c), there is shown the 
temperature distribution of the melt immediately after 
heating with an infrared heater. Referring to Figure 
13(d), there is shown the temperature distribution of the 
meft immediately before initiation of solidification. Refer- 
ring to Figure 14, there is shown a cross-section of a 
spherical solar cell of embodiment 2. Referring to Figure 
15, there is shown a cross-section of a spherical solar 
cell of embodiment 3. Referring to Figure 16, there is 
shown a cross-section of a spherical photocatalytic ele- 
ment of embodiment 4. Referring to Figure 17. there is 
shown a cross-section of a spherical photocatalytic ele- 
ment of embodiment 5. Referring to Figure 18. there is 



shown a cross-section of a spherical light emitting diode 
cell of embodiment 6. Referring to Figure 19, there is 
shown a cross-section of a light emitting device which 
has a built-in spherical light emitting diode cell of Figure 
5 18. Referring to Figure 20. there is shown a cross-sec- 
tion of a spherical semiconductor device material of 
embodiment 7. Referring to Figure 21, there is shown a 
cross-section of a spherical semiconductor device 
material of embodiment a 

10 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

[0028] Referring to the figures, the best modes for car- 
75 rying out the present inventions will be described below. 

Embodiment 1 (refer to Figures 1 -1 3) 

[0029] Referring to Figures 1 -1 0, the method for man- 

20 ufacture of the spherical semiconductor device, spheri- 
cal solar cell SS, and its construction are described. 
[0030] Referring to Figure 1 , in the first step, a spher- 
ical core 1 of metallurgical silicon and a reflective film 2 
on its surface are formed. For the core material of core 

25 1, metallurgical silicon (a polycrystalline silicon with a 
99% purity) is used. Metallurgical silicon is significantly 
less expensive and does not require as much energy for 
manufacturing as semiconductor grade silicon, which 
requires extreme purification through chemical refining. 

30 [0031] The diameter of core 1 can be selected 
depending on the use of spherical solar cell SS. The 
diameter of core 1 in the present embodiment is approx- 
imately 2.5 mm. However, the present invention is not 
limited to this diameter, and it can have a larger diame- 

3s ter or a smaller diameter. When manufacturing spheri- 
cal core 1 , a small particle of core material is melted 
while it is levitated. It Is allowed to solidify under micro- 
gravitational conditions through free fall in a vacuum. By 
this method, impurities from the container are not 

40 mixed, and a spherical crystal core 1 can be created 
easily. For example, at the top of a vacuum drop tube, a 
particle of core material of metallurgical silicon is heated 
while being levitated by a high frequency electromag- 
netic levitation heating equipment The particle is 

45 melted to a silicon liquid droplet. The lifting force is 
removed, and the droplet is allowed to free fall inside the 
drop tube, where the silicon droplet becomes spherical 
due to the action of surface tension under rrricrogravita- 
tional conditions, and it solidifies. In this situation, a por- 

so tion of the impurities in the core material evaporate in 
the vacuum, and the purity of silicon is increased. The 
loss of material is less compared to when a sphere is 
manufactured by mechanical polishing. Referring to Fig- 
ures 12, 13 , an example of a spherical crystal manufac- 

55 turing device, comprising the high frequency 
electromagnetic levitation heating equipment and the 
drop tube, will be described later. 
[0032] Regarding core 1 of solidified metallurgical eil- 
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icon, due to a segregation effect, impurities tend to 
aggregate at its surface. Impurities are removed by 
etching the surface of core 1 by 1 -3 micrometers with an 
aqueous solution of potassium hydroxide (KOH). By fur- 
ther reactive ion etching, minute irregularities with ele- 
vation differences of around 1 micrometer are formed 
on the surface of core 1. Reflective fflm 2 is formed on 
the surface of these irregularities. A reflective surface 
2a (refer to Figure 11) with minute irregularities is 
formed on the surface of reflective film 2. Because the 
small irregularities on core 1 and reflective film 2 can not 
be depicted, they are omitted in the drawing. Reflective 
film 2 comprises 2 coatings. When reflective film 2 is 
being formed, a silicon dioxide fOm (SiOJ with a thick- 
ness of 0.3-0.4 micrometers is formed on the surface of 
core 1 . Next, a silicon nitride film (S13N4) of thickness 
0.25-0.35 micrometers is formed on the surface of the 
silicon dioxide film These coatings can be formed by 
various known methods. For example, they can be 
formed by low pressure CVD method. The reflective film 
2, comprising these two insulating coatings, reflect and 
disperse incident light It also prevents impurities con- 
tained in core 1 from diffusing and being mixed with the 
high purity silicon of semiconductor thin film layer which 
is formed on top of reflective film 2. The minute irregu- 
larities of reflective surface 2a on the surface of reflec- 
tive film 2 is for reflecting and scattering the incident 
light 

[0033] Next, referring to Figure 2, in the second step, 
openings 3a, 3b of diameter of. approximately 100 
micrometers are formed on reflective film 2 by etching. 
They are formed at two positions which are symmetric 
with respect to the center of core 1 . A portion of core 1 
is exposed 

[0034] Next, referring to Figure 3, in the third step, a p 
type polycrystalline silicon thin film 4 of approximate 
thickness 10 micrometers is formed over the entire sur- 
face of the spherical body comprising core 1 and reflec- 
tive film 2. High purity silicon thin film 4 is an electrical 
energy generating layer. The film can be formed by the 
known method of low pressure CVD method, for exam- 
ple. Thin film 4 can be formed through the thermal 
decomposition of monosilane (SihU). 
[0035] Next, referring to Figure 4, in the fourth step, a 
silicon dioxide film 5 (Si0 2 film) with an approximate 
thickness of 0.5 micrometer can be formed over the 
entire surface of p type polycrystalline silicon thin film 4. 
It can be formed by low pressure CVD method, for 
example. The entire surface of p-type polycrystalline 
thin film 4 is capped. 

[0036] Next referring to Figure 5, in the fifth step, in 
order to reform p-type polycrystalline thin film 4 into a 
polycrystal or a monocrystal with a bigger crystal grain 
size, p-type polycrystalline thin film 4 is heated and 
melted. Using core 1 as a seed, it is recrystallized into a 
polycrystalline or monocrystal line p-type recrystallized 
silicon layer 4a. 

[0037] As a method for recrystallization, a spherical 



crystal manufacturing device similar to one used for 
making spherical core 1 is used. While the spherical 
body (sample) is levitated in a vacuum, p-type polycrys- 
talline silicon thin film 4 is rapidly heated. The outer sur- 

5 face of p-type polycrystalline silicon thin film 4 is flash 
melted. The melt is recrystallized. With this method, 
reflective film 2 functions as an insulating film. High fre- 
quency induced current flows easily through p-type 
polycrystalline silicon thin film 4, and silicon thin film 4 is 

10 rapidly melted. The solidification of polycrystalline sili- 
con thin film 4 starts from openings 3a, 3b where it is in 
contact with core 1 which has a better heat flow and a 
more rapid decrease in temperature compared with the 
surface of reflective film 2 which has a low rate of heat 

is conduction. Silicon core 1 of openings 3a, 3b act as the 
seed for crystal growth. A large grain size polycrystal or 
monocrystal of p type recrystall ization silicon layer 4a 
grows in all directions along the surface of the sphere. 
Silicon dioxide fOm 5, which is the cap, prevents irregu- 

20 larrties in the thickness of p-type recrystallization silicon 
layer 4a. Silicon dioxide film 5 also prevents reactions 
with the outer side and prevents the evaporation to the 
outside of impurities which have been doped. 
[0038] Next in the sixth step, after removing silicon 

25 dioxide film 5 from the surface of the spherical body by 
etching, a silicon dioxide film 6 (SiOg film) of approxi- 
mate thickness 0.5 micrometer is again formed by 
known methods of thermal oxidation method or low 
pressure CVD method. Referring to Figure 6, in order to 

so form a pn junction at the specified surface portion of p 
type recrystallization silicon layer 4a, a large proportion 
of silicon dioxide film 6 is etched and removed. Only the 
portion of silicon dioxide film 6 which is masked by diffu- 
sion mask 6a, approximately 500 micrometer diameter, 

35 remains. 

[0039] Next in the seventh step, except for the area 
masked by diffusion mask 6a, phosphorus as the n type 
impurity is diffused in p type recrystallization silicon 
layer 4a by a thermal diffusion method. Referring to Fig- 

40 ure 6, except for the area covered by diffusion mask 6a 
by the diffusion of phosphorus, an n+ diffusion layer 7 of 
depth 0.3-0.5 micrometer is formed on p type recrystal- 
lization silicon layer 4a. An approximately sphere 
shaped n+p junction 8 is formed at the interface with p 

45 type recrystallization silicon layer 4a. N+p junction 8 is 
necessary for generation of photovottaga 
[0040] Next in the eighth step, silicon dioxide film 
(SiOa), which is formed when phosphorus diffusion 
process is carried out and diffusion mask 6a are com- 

50 pletely removed by etching. Referring to Figure 7, a pas- 
sivation film 9 of silicon dioxide film with an approximate 
thickness of 0.2 micrometer is formed over the entire 
surface of the spherical body by the known method of 
low pressure CVD method. Passivation fflm 9 reduces 

ss the recombination velocity of a minority of carriers which 
have been photo-generated at the interface with silicon. 
The proportion of photo-generated carriers which con- 
tribute to the photoelectric conversion is increased. 
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[0041] Next, referring to Figure 8, in the ninth step, a 
transparent surface protective film 10 covers the surface 
of passivation film 9. Together with passivation film 9, 
surface protective film 10 prevents reflection of outside 
light is extremely anti-corrosive, and has a high hard- 
ness and is difficult to damage. A coating of titanium 
dioxide (TiO^) is preferable as surface protective film 10. 
For the purpose of surface protection, the thickness of 
surface protective film 1 0 is preferably in the range of 1 - 
2 micrometer. The thickness is determined such that it 
will have an anti-reflective effect with respect to wave- 
lengths which are the target for maximizing photoelec- 
tric conversion. 

[0042] As is well known, titanium dioxide (TiO^ has 
photocatalytic function. When short wavelength light of 
wavelength of approximately 420 nm or lower is 
absorbed, gas or liquids contacting the surface is elec- 
trolyzed by photovoftaga As a result the surface is less 
likely to become clouded or contaminated. This is ideal 
for the light receiving surface of spherical solar cell SS. 
For the method of forming surface protective film 10 of 
titanium dioxide, sol gel titanium dioxide can be made to 
be adhere by spraying or dipping, and at 800-1000 
degrees C, the film is burned on. 
[0043] Next referring to Figure 9. in the tenth step, a 
pair of openings 11a, 11b of diameter approximately 
300 micrometer is formed so that their centers match 
with openings 3a, 3b, Openings 1 1a, 1 1b are formed by 
selective sand blast method or reactive ion etching 
method. Openings 11a, 11b pass through surface pro- 
tective film 10 and passivation film 9. 
[0044] Next, referring to Figure 10, in the eleventh 
step, anode electrode 12a and cathode electrode 12b 
which conduct current to the outside are formed. Anode 
electrode 1 2a and cathode electrode 1 2b are connected 
to the exposed surfaces of p type recrystallization sili- 
con layer 4a and n+ diffusion layer 7 at openings 11a, 
1 1b. As a method for forming electrodes 12a, 12b, elec- 
troless plating of metal constructed from a palladium 
film of thickness 50 nm and a nickel film of 3 micrometer 
is conducted. They are formed by heat treatment at 
approximately 400 degrees C so as to obtain good 
ohmic contact Spherical solar SS is manufactured in 
this manner, 

[0045] Next, the actions and advantages of the spher- 
ical solar cell SS described above will be explained. 
[0046] Referring to Figure 1 1 , there is shown a partial 
expansion of spherical solar cell SS of Figure 10. 
Because a large proportion of the sphere surface of 
spherical solar cell SS is pn junction 8 (in the previous 
embodiment n+p junction 8) where photovoltage is gen- 
erated, a large proportion of the light which either 
reaches the sphere surface directly, or is reflected light 
or is scattered light are absorbed and converted to 
electricity. 

[0047] Referring to Figure 11, when sunlight is inci- 
dent on the surface of spherical solar cell SS, light with 
a wavelength of approximately 420 nm or lower (wave- 



length lambda 1) is absorbed by the Ti0 2 film which is 
surface protective film 1 0. Within the Ti0 2 film, electrons 
and positive holes are excited. On the surface, due to 
the action of excited positive holes, organic materials 

5 and water or electrolyte solution and gas or the like are 
oxidized and decomposed. Contamination is reduced, 
and the surface is not easily clouded. Light with wave- 
lengths of approximately 420 nm or greater (wave- 
lengths lambda 2 - lambda 6), passes through surface 

w protective film 10 and passivation film 9. Shorter wave- 
length light is absorbed between n+ diffusion layer 7 
and p type recrystallization silicon layer 4a. Referring to 
Figure 11 , longer wavelength light (wavelengths lambda 
3 - lambda 6) which has not been absorbed is reflected 

is and scattered by reflective surface 2a of reflective film 2. 
It is returned to p type recrystallization silicon layer 4a 
and absorbed. Even if the wavelength is large, by 
repeated reflections between the inner side and outer 
side of the insulating f9m (2, 9 and 10), a large propor- 

20 tion of the light which can be absorbed by silicon is 
absorbed inside silicon semiconductor thin film. As a 
result electron and positive hole pairs are generated by 
n+p junction 8. Due to the electric field in n+p junction 8, 
electrons flow to cathode electrode 12b, and positive 

2s holes flow towards anode electrode 12a. The photovolt- 
age which is in response to this internal electric field 
appears at electrodes 12a, 12b. An elecfrical current 
which is proportional to the absorbed photon flux den- 
sity flows through the outside circuit which is connected 

so to electrodes 12a, 12b. 

[0048] The electricity generating layer, comprising thin 
film silicon, comprising semiconductor thin film layer 
(4a, 7). has a construction, wherein it is sandwiched 
between reflective film 2, comprising a two layer insulat- 
es ing film with an irregular surface which has a lower index 
of refraction than silicon and an outer side insulating film 
of passivation film 9 and surface protective film 1 0. Light 
shined from the outside is confined between both insu- 
lating films (2, 9 and 10). As a result, a thick silicon layer 

40 of high purity is not needed. Furthermore, by making the 
electricity generating layer into a thin film, and by mak- 
ing passivation film 9 and reflective film 2 have a con- 
struction which will reduce the rate of recombination at 
the interface, carriers which are generated by light are 

45 confined inside the semiconductor thin film layer, and 
this contributes to an increase in the open circuit volt- 
age. 

[0049] Furthermore, by recrystallizing polycrystalline 
silicon thin film 4 through a melting and recrystallization 

so method using a portion of the spherical metallurgical sil- 
icon as a seed, the crystal grain size is increased, and 
the grain boundary, which are the centers of carrier 
recombination, are reduced. This results in an 
increased life time for the minority of earners. This and 

55 the effect of confining the carrier and light as described 
above effect together to increase the open circuit volt- 
age and the short circuit current. The photoelectric con- 
version efficiency is thereby increased. 
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[0050] For core 1 , because metallurgical silicon which 
has good electrical and thermal conductivity is used, 
there is little resistance loss in the internal current which 
flows through the electricity generating layer, and the 
temperature increase is kept low. Furthermore, because 
core 1 has a similar thermal expansion coefficient as the 
electricity generating silicon, there is no deteriorating 
effect on the photoelectrical properties due to thermal 
stress. Because it is spherical, it is superior to planar 
solar cells in terms of mechanical strength. 
[0051] Because spherical solar cell SS is spherical, 
there is hardly any directionality to light, and the light- 
receiving angle is wide. By the absorption of direct light 
from its perimeter, and due to the absorption of reflec- 
tive light and scattered light, the degree of usage of light 
is improved over the planar solar cells. In addition, sheet 
or panel solar modules which are a high density aggre- 
gate of a plurality of spherical solar cells SS are easily 
assembled. Furthermore, the titanium dioxide film 
(T1O2) of surface protective film 1 0 which covers the sur- 
face not only acts as an anti-reflective film, but it also 
has photocatalytic function. As a protective film, it has a 
high hardness and is not easily damaged. It has excel- 
lent anti-corrosion property. Spherical solar cell SS can 
be used as a solar cell power source by connecting it 
directly and having it receive sunlight, or it can be used 
for conducting electrolysis by sunlight by immersing it in 
electrolyte solution. 

[0052] In the spherical solar cell SS of the present 
invention, metallurgical silicon, which is inexpensive and 
abundant, is used for core 1. A high quality thin film sili- 
con crystal layer, which uses a high purity monosilane 
(SH4), is deposited on this surface, and a pn junction, 
which generates photovoltage. is formed. Not only is the 
cost of silicon raw material reduced, the power usage in 
manufacturing is substantially reduced because high 
purity polycrystals or monocrystals do not need to be 
used. The energy payback time of the solar cell is signif- 
icantly reduced. When comparing spherical solar cell 
SS of the present invention with a solar cell constructed 
without core 1 and which uses high quality silicon semi- 
conductor throughout, the usage amount of high purity 
silicon per unit of light receiving area is reduced, and the 
cost of raw materials is reduced by constructing core 1 
with a metallurgical silicon of low purity and by having a 
thin film of high purity silicon as the electricity generat- 
ing layer. In particular, when a large diameter spherical 
solar cell SS is desirable, the advantages of this con- 
struction are clearly demonstrated. 
[0053] In spherical solar cell SS. solder plating can be 
conducted on top of electrodes 12a, 12b as needed so 
that a plurality of spherical solar cells SS can be serially 
connected to each other. When using for photolysis, 
depending on the object of the electrode reaction, an 
appropriate electrode material which has reaction prod- 
uct selectivity can be used to cover the surfaces of each 
of anode electrode 12a and cathode electrode 12b. For 
example, by using a cathode electrode modified with a 



metal oxide which is mainly copper, the H+ generated 
through hydrolysis and CO2 supplied to the same elec- 
trolyte solution chamber can be made to selectively 
generate CH 4 by an electrochemical reaction at the 
same electrode interface. 

[0054] A plurality of spherical solar cells SS can be 
serially aligned, and the electrodes can be connected in 
series in order to construct a solar cell array. A plurality 
of solar cell arrays can be aligned in parallel (in other 
words, a plurality of solar cells SS are placed in a 
matrix), and a solar cell sheet can be constructed. Solar 
cells SS can be arranged in a high density, and a solar 
cell with a high degree of light usage can be easily 
assembled. 

[0055] As described for the fifth step, the method of 
recrystallization of p type polycrystalline silicon thin fflm 
into p type recrystallization silicon layer 4a has numer- 
ous advantages in the manufacturing process of spher- 
ical crystals. This is a method, wherein: the spherical 
body is levitated by electromagnetic force; it is heated 
by a high frequency induced current; it is allowed to cool 
while falling. No container is needed when melting the 
sample. It is particularly favorable for the growth of a 
uniform crystal layer on the sphere surface. With this 
method, when manufacturing a spherical semiconduc- 
tor device, there is no contact with supporting objects in 
the process of diffusion of impurities, in the process of 
creating fflms through the flow of gas in CVD, or in the 
process of etching. As a result the method can be used 
for the formation of uniform films and pn junctions and 
for the removal of films from the surface of the spherical 
body. 

[0056] Furthermore, because it is handled in a levi- 
tated state, it can be heated to high temperatures with- 
out using a container. Thermal stress and thermal 
distortions in the interior of the spherical crystal due to 
the container or the like are not generated. In addition, 
the invasion of undesirable impurities does not occur. 
Furthermore, even if heating by high frequency induced 
current is not necessary, metals or insulating materials 
can be spattered or vapor deposited, or etching can be 
conducted, all while the spherical body is levitated by 
electromagnetic force or static electrical force. It is 
extremely advantageous in the manufacturing process 
for the spherical semiconductor device. 
[0057] Next an example, wherein parts of spherical 
solar cell SS described above is modified, will be 
explained. 

[0058] In the above embodiment, metallurgical silicon 
is used as the material for core 1 , but core 1 can be con- 
structed from an inexpensive, solar cell-grade, polycrys- 
talline or monocrystalline silicon, which is of lower 
quality than the silicon semiconductor used in inte- 
grated circuits or the like. This results in further improve- 
ments in the crystal properties of the electricity 
generating layer and in the carrier lifetime. A solar cell 
with an even higher photoelectric conversion efficiency 
is realized. Furthermore, the silicon of core 1 can be left 
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as is. and instead of the electricity generating layer sili- 
con (4a, 7), a thin film of a compound crystal such as 
Ge-Si, GaAs, InP or the like can be used. This wfll 
improve the photoelectric conversion property of the 
spherical solar cell. s 
[0059] Furthermore, a spherical solar cell can be con- 
structed by using a germanium core instead of a spher- 
ical silicon core 1 and a thin film of GaAs or InP instead 
of the silicon electricity generating layer. Furthermore, 
electricity generating layer can be formed from the 10 
same semiconductor as the spherical core 1, or it can 
be a compound crystal semiconductor which includes 
this component If this is the situation, it is preferable to 
use a lower quality, less expensive semiconductor for 
core 1. Regardless, by realizing the construction, is 
wherein the electricity generating layer is a thin film and 
light and carriers can be confined, an optimization is 
achieved between cost and photoelectric conversion 
efficiency or even improving the photoelectric conver- 
sion efficiency. When using a core of sapphire (alpha- 20 
AI2O3) or magnesia-spinel (MgO-A^Cy. this core is 
suitable because it can be the seed or nucleus for crys- 
tal growth at the time of semiconductor thin film forma- 
tion or during melting and recrystallization. It can also 
be used for integrated circuits of SOI (semiconductor on 2s 
insulator) construction. 

[0060] Next a spherical semiconductor manufacturing 
device 101 which is used for the formation of spherical 
silicon core 1 and the electricity generating layer will be 
described. For the description below, the manufacture 30 
of spherical core 1 of metallurgical silicon will be 
described as an example. 

[0061] Referring to Figure 1 2, spherical crystal manu- 
facturing device 1 01 comprises: a vertical drop tube 110 
which has a diameter of 5-1 0 cm and a height of approx- ss 
imately 14m; an electromagnetic Ievitation heating 
equipment 112 which is placed on the outside of the 
upper part of drop tube 110; an infrared heater 113 
which is an after heater; a material supply device 111 
which supplies raw material 1a which is the material for 40 
core 1 one at a time; a silicon oil chamber 115 which is 
housed in a housing area 114 which is continuous with 
the lower end of drop tube 110; a vacuum pump 116 
which suctions air from inside drop tube 1 10; a gas sup- 
ply device 117; a pipe system and valves; high speed 45 
cameras 11 8a- 11 8c; a control unit 120 which controls 
these apparatus. Furthermore, floors 1-5 of the factory 
are depicted as floors 103a- I03e. 
[0062] Material supply device 111 comprises: a sup- 
plier 121 ; a parts feeder 122 which stores several gran- so 
ular material 1a and which supplies them one at a time. 
Parts feeder 122 has a function of pre- heating solid 
material 1a and a function for evacuation of atmos- 
phere. A case 1 23 of a supplier 1 21 is connected to vac- 
uum pump 116 by a suction pipe 125 which has an ss 
electromagnetic switch valve 124. A receiving appara- 
tus 126 is connected to parts feeder 122 by a pathway 
128 which has an electromagnetic shutter 127. There is 



an electromagnetic shutter 130 at an exit pathway 129 
of receiving apparatus 126. Vacuum from inside case 
123 is introduced via a plurality of small holes to receiv- 
ing apparatus 126. During the operation of manufactur- 
ing device 101, electromagnetic valve 124 is opened, 
and there is a vacuum inside supplier 121. When sup- 
plying raw material 1a from parts feeder 122, electro- 
magnetic shutter 130 is closed. Electromagnetic shutter 
127 is opened, and after material 1a is supplied to the 
inside of receiving apparatus 126, electromagnetic 
shutter 127 is closed. There are electromagnetic valves 
136-138 on suction pipes 133-135 which are connected 
to vacuum pump 116. In order to allow inert gases or 
oxidizing gases to flow inside drop tube 1 1 0 as needed, 
there are a gas supply device 1 17, a gas supply pipe 
139, branching pipes 139a. 139b. a gas dscharge pipe 
1 41 , and electromagnetic valves 140, 142. However, if a 
vacuum is to be maintained inside drop tube 110, gas 
supply device 117 is stopped, and electromagnetic 
valves 140. 142 are closed. 

[0063] Electromagnetic ievitation heating equipment 
1 12 is constructed from an upper coil, a lower con, and 
a high frequency current generating device 1 19, and the 
tike. An upward force of magnetic line is generated by 
the upper coil. A downward force of magnetic line is 
generated by the lower coil. An induced current is gen- 
erated in material 1a by the forces of magnetic lines 
which change at a high frequency. When material 1a is 
at a central position between the upper and lower coils, 
the force of the magnetic lines acting on the induced 
current are balanced between the upward force and 
downward force. Material 1a is maintained in a levitated 
state. Material 1a is heated by the heat generating 
action of the induced current When material 1a 
becomes molten material 1 b, the high frequency current 
is shut down. Molten material 1b begins a free-fall. With 
this free-fall, molten material 1b becomes spherical by 
the action of surface tension under a very small gravita- 
tional force of 10" 5 G. 

[0064] The purpose of infrared heater 1 1 3 is for heat- 
ing only the surface of molten material 1b by a small 
amount Infrared heater 1 13 is placed as a ring around 
the outside of drop tube 110. Infrared heater 113 is 
placed at a certain distance away from electromagnetic 
Ievitation heating equipment 112. Infrared heater 113 
comprises a cylindrical heater body which is made of an 
infrared radiation ceramics. By controlling the current 
which is supplied to this heater body, the heating func- 
tion can be controlled precisely. Because molten mate- 
rial 1b rotates while free falling, only the surface of 
molten material 1b is heated evenly by infrared heater 
113. 

[0065] Next the operations will be described where 
manufacturing device 101 is used to make spherical 
crystal 1 by supplying material 1a of metallurgical sili- 
con. In the first preparation stage, electromagnetic 
valves 124, 136. 137. 138 are opened. Vacuum pump 
116 is operated, and specified vacuum conditions are 
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created inside drop tube 110. A single material 1a is 
stored in receiving apparatus 126. There is a pre-deter- 
mined current flowing through infrared heater 113 Next 
current is run through electromagnetic levitation heating 
equipment 1 12. Electromagnetic shutter 130 is opened, 
and solid material 1 a free-falls. Material 1 a is heated by 
electromagnetic levitation heating equipment 112 for a 
specified short amount of time. Material 1a becomes 
molten material 1b. Referring to Figure 13(a). the tem- 
perature distribution of molten material 1b at this time is 
such that the temperature is roughly the same in both 
the interior and on the surface of molten material 1b. 
[0066] Next the current to electromagnetic levitation 
heating equipment 112 is shut off Morten material 1b 
begins a free fall in the vacuum of drop tube 1 10. Morten 
material lb initially falls with a low speed. In the short 
time it takes to fall to the level of the upper end of infra- 
red heater 113. there is radiative cooling, and there is 
heat release. Because there is heat release from the 
surface of morten material 1b. the surface of molten 
material 1b is cooler than the interior (refer to tempera- 
ture distribution in Figure 13(b)). Because morten mate- 
rial 1b is under microgravity conditions, after the 
commencement of the free-fall, morten material 1b 
becomes spherical by the action of surface tension. 
[0067] Next during the free fall of the molten material 
1b through the interior of infrared heater 113. only the 
surface is heated. Referring to Figure 13(c). the surface 
of morten material 1b is warmer than the interior. Next 
while it is free falling towards the bottom of infrared 
heater 113. molten material 1b releases heat through 
radiative cooling. By the action of surface tension, mol- 
ten material 1b solidifies to a truly spherical core 1 . 
[0068] After passing through infrared heater 113, radi- 
ative cooling progresses. Referring to Figure 13(d), the 
temperature distribution of molten material 1b when the 
temperature has dropped to near the solidifying point T 0 
is indicated by the solid line or the dotted line. Because 
solidification begins with these conditions, solidification 
begins from the interior and from the surface of morten 
material 1b. As a result even if there is volume expan- 
sion during solidification, there are no projections 
formed on the surface of core 1. The inner mechanical 
stress of core 1 also becomes very small. 
[0069] Afterwards, core 1 . which has finished solidifi- 
cation at around the middle level of drop tube 1 1 0. drops 
into silicon oil inside silicon oil chamber 115. They are 
stored there and are cooled completely. 
[0070] Spherical core 1 which is truly spherical and 
which is without any projections can be manufactured in 
the above manner. Furthermore, because the surface of 
molten material 1b does not solidify before the inside 
does, any air bubbles on the surface of material 1a does 
not mix in spherical core 1. Because morten material 1b 
solidifies to core 1 under microgravity conditions, core 1 
with an uniform constitutional distribution with no influ- 
ence from heat convection, buoyancy, sedimentation is 
achieved. If a high quality semiconductor material is to 



be used for material 1a, it is possible to manufacture a 
truly spherical crystal of a monocrystal or polycrystal of 
this semiconductor. In the manufacture of spherical 
solar cell SS of the previous embodiment, all of or a por- 

5 tion of the processing for the formation of semiconduc- 
tor thin film is preferably conducted while levitating the 
object with spherical crystal manufacturing device 101 
or a spherical crystal device which uses a static electric- 
ity levitation means. Furthermore, all of or a portion of 

ro the processing after the semiconductor thin film crystal 
formation, including pn junction formation, electrode for- 
mation, surface protective f am formation, and the like is 
preferably conducted while levitating the object with 
spherical crystal manufacturing device 101 or a spheri- 

15 cal crystal device which uses a static electricity levita- 
tion means. 

Embodiment 2 (refer to Figure 14) 

20 [0071 ] Next a manufacture method and the construc- 
tion of a spherical solar cell comprising a metal core is 
described. Referring to Figure 14, there is shown an 
expanded cross-section of spherical solar cell SSA 
which is formed by forming a thin film of silicon solar cell 

25 on the surface of a spherical metal core 21. 

[0072] Core 21 is constructed from an iron nickel alloy 
(Fe 58. Ni 42) which has a similar thermal expansion 
coefficient as the thermal expansion coefficient of sili- 
con. Spherical core 21 is manufactured using spherical 

so crystal manufacturing device 1 01 . An aluminum coating 
22 is vapor deposited onto the surface of core 21 at a 
thickness of around 100 nm. On the surface of alumi- 
num coating 22. an amorphous silicon film (a-Si film) of 
a thickness of around 200 nm is formed as a pre-dispo- 

35 sition film. In this case, monosilane is being decom- 
posed as it is being deposited by plasma CVD method. 
A non-doped amorphous silicon film is formed. Next, 
this is heated for 1 hour at 500 degrees C with a focus- 
ing lamp (anneal processing). The hydrogen in the a-Si 

40 film is eliminated, and by the eutectic crystallization 
reaction of Al and Si, a crystal nucleus is generated. 
[0073] Next, this is heated for about 5 minutes at 700 
degrees C, and a P+ polycrystalline silicon layer 23 
doped with aluminum is grown. Next, non-doped amor- 

45 phous silicon (a-Si) is deposited at a thickness of 3-4 
micrometers on the surface of P+ polycrystalline silioon 
layer 23 by the plasma CVD method. Anneal processing 
is conducted at around 600 degrees C. Using the foun- 
dation of P+ polycrystalline silicon layer 23 as the seed, 

so a polycrystalline silicon layer 24 is formed. 

[0074] Next on the surface of polycrystalline silicon 
layer 24, while decomposing monosilane (SiH 4 ), which 
has phosphine (PH3) added, by plasma CVD method, 
a-Si of approximate thickness 1 00 nm is deposited. This 

ss is annealed at around 600 degrees C, and a m- poly- 
crystalline silicon layer 25 is formed. For generation of 
photovottage. an nip junction is formed. 
[0075] Next on the surface of the spherical body, a 
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passivation film 26 of Si0 2 film of thickness 0.2 microm- 
eter is formed. On its surface, a surface protective film 
27 of a TiO z fflm of thickness 1-2 micrometer is formed. 
Next, in order to have electrodes which contact alumi- 
num layer 22 and n+ polycrystalline silicon layer 25, cir- 
cular openings which reach the surface of aluminum 
layer 22 and n+ polycrystalline silicon layer 25 are 
formed at two positions which are symmetric with 
respect to the center of core 21 . Referring to Figure 14, 
anode electrode 28a and cathode electrode 28b are 
formed by vapor deposition. A junction protective film 
29. which is formed by burning on a low melting point 
glass, covers the portion of the nip junction which has 
been exposed to the surface due to the opening. 
[0076] As compared with spherical solar cell SS, 
spherical solar cell SSA is inexpensive, and processing 
is easy because core 21 is a metal. It also has excellent 
electrical conductivity and thermal conductivity, and 
there is little resistance loss with respect to the current 
which flows through the electricity generating portion, 
and the cooling effect is heightened. Furthermore, 
because core 21 is a magnetic substance, an external 
magnetic force can be applied in order to levitate, to 
anchor, or to move, and thus it is advantageous in terms 
of handling. Furthermore, because raw materials and 
energy costs can be reduced compared with the manu- 
facture of bulk type cells of the prior art there is advan- 
tages in terms of manufacturing costs. The aluminum 
coating described above can be eliminated, and other 
semiconductor materials used in known solar cells, 
such as CdTe or CulnSe2 or the like, can be used to 
construct the electricity generating layer. 

Embodiment 3 (refer to Figure 1 5) 

[0077] The manufacturing method and construction of 
a spherical solar cell comprising a core made of insulat- 
ing material is described. By constructing the core of a 
spherical solar cell or other spherical semiconductor 
device put of insulating material, not only does it have 
various characteristics due to its spherical shape, but it 
also becomes possible to construct a spherical semi- 
conductor device which has, on its surface, one or a plu- 
rality of solar cells or other various devices (for example, 
a photocatalytic device, a photo detecting device, a light 
emitting device, a transistor, an integrated circuit or the 
like) which are separated electronically on the surface of 
the insulating material core. Depending on the need, 
these devices can be used by connecting them to the 
sphere surface. This type of spherical semiconductor 
device, including the above embodiments solar cells SS 
and SSA, can be connected in the same manner as 
other similar spherical semiconductor devices or as in 
the ball bump method between wiring substrate of the 
prior art Referring to Figure 15, there is shown a spher- 
ical solar cell SSB, comprising: a spherical core 31 of 
fused silica (insulating material) which has a similar 
thermal expansion coefficient as the thermal expansion 



coefficient of silicon; and a thin f Dm silicon solar cell over 
its entire surface. First, spherical core 31 made of fused 
silica is manufactured by a polishing processing method 
similar to making of a lens. On the surface of core 31, 

5 irregularities with an elevation difference of 1 microme- 
ter similar to the situation with spherical solar SS are 
formed by sandblasting or the like. Next on the surface 
of the spherical body, a silicon nitride film 32 (Si 3 N 4 film) 
of thickness 0.3 micrometer and a silicon dioxide film 33 

10 (Si0 2 film) are sequentially formed. Next on the surface 
of this spherical body, an electrically conductive film 34 
is vapor deposited. Conductive film 34 has a two layer 
construction, comprising a chrome coating of thickness 
0.3 micrometer and an aluminum coating of thickness 

t5 10 nm. Silicon nitride film 32 prevents the diffusion of 
impurities from core 31 . Silicon dioxide film 33 acts as a 
foundation for conductive film 34. 
[0078] As in embodiment 2, on the surface of conduc- 
tive film, by depositing monosilane while decomposing 

20 by the CVD method, a non-doped amorphous silicon 
thin film of thickness approximately 20 nm is formed as 
the pre-disposition film. This amorphous silicon thin film 
is annealed by heating to approximately 600 degrees C 
with a focusing lamp, and it is converted to a P+ type 

25 polycrystalline silicon film. On top of the P+type pory- 
crystaliine silicon film, non-doped amorphous silicon (a- 
Si) is deposited at a thickness of 3-4 micrometers by the 
plasma CVD method. Anneal processing is conducted 
at around 600 degrees C. Using the P+ polycrystalline 

30 silicon layer as the seed, a p type polycrystalline silicon 
layer 36 is grown. 

[0079] Next on the surface of p type polycrystalline 
silicon layer 36, white decomposing monosilane (SiKj) 
to which phosphine (PH3) is mixed by plasma CVD 

35 method, a-Si of approximate thickness 100 am is 
deposited. This is annealed at around 600 degrees C, 
and a n+ polycrystalline silicon layer 37 is formed. For 
generation of photovortage, a p+pn+ junction is formed. 
Simitar to embodiment 2, a passivation film 38, surface 

40 protective film 39, anode electrode 40a, cathode elec- 
trode 40b, junction protective film 41 are formed, and a 
spherical solar cell SSB, comprising a spherical thin f ilm 
silicon solar cell, is manufactured. 
[0080] We have described spherical solar cells SS, 

45 SSA, SSB as embodiments of the present invention, but 
the present invention can be used in other spherical 
semiconductor devices such as a spherical photodiode 
as a spherical semiconductor light detecting device, a 
spherical phototransistor, a spherical light emitting 

so diode, and the like. In these cases, the electricity gener- 
ating layer becomes the light receiving layer, light emit- 
ting layer, and they can be manufactured with 
appropriate known materials and by appropriate known 
methods. 
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Embodiment 4 (refer to Figure 1 6) 

[0081 ] Next, the construction of a spherical photocat- 
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alytic element in which metallurgical silicon core is used 
and which has a built-in MIS construction is described. 
Referring to Figure 16, there is shown a spherical pho- 
tocatalytic element 200, comprising: a spherical core 
201 of metallurgical silicon with a diameter of approxi- 5 
mately 1 .5 mm; a silicon nitride film 202 on its surface 
(thickness 0.25-0.35 micrometer); a silicon dioxide film 
203 on its surface (thickness 0.3-0.4 micrometer); an re- 
type silicon film 204 on its surface (thickness 5-10 
micrometers); a silicon dioxide coating 205 (thickness 
1 .5-3.0 nm); a anode electrode coating 206, comprising 
a Pt or Cr coating (5-8 nm); a cathode electrode 207 of 
Tl or Ni; and the like. Spherical photocatalytic element 
200 forms a MIS construction. Furthermore, in order to 
use a portion of core 201 as a crystal seed when crys- 
tallizing n type silicon film 204, a plurality of small open- 
ings 201 K are formed on films 202, 203. 
[0082] With this MIS construction, bending of the 
energy band similar to that of a pn junction is created on 
the inner side of silicon dioxide coating 205. A photovoit- 
age generating area 209 which includes an energy 
band bending layer 208 Is formed near the surface. A 
plurality of spherical photocatalytic elements 200 can be 
placed in an electrolyte solution, and they can be used 
in electrolysis of the electrolyte solution. Instead of met- 
allurgical silicon, insulating material or metal material 
can be used for core 201. 

Embodiment 5 (refer to Figure 17) 

[0083] Next, the construction of a spherical photocat- 
alytic element in which a metallurgical silicon core is 
used and which has a with a built-in Schottky barrier 
construction is described. Referring to Figure 17, there 
is shown a spherical photocatalytic element 210, com- 
prising: a spherical core 21 1 of metallurgical silicon with 
a diameter of approximately 1.5 mm: a silicon nitride 
film 212 on its surface (thickness 0.25-0.35 microme- 
ter); a silicon dioxide film 213 on its surface (thickness 
0.3-0.4 micrometer); an n-type silicon film 214 on its 
surface (thickness 5-10 micrometers); an insulating 
coating 215 (surface protective film) of silicon dioxide 
with a thickness of 0.3-0.7 micrometers; a anode elec- 
trode coating 216 of Pt or Cr with a thickness of 5-8 run; 
a cathode electrode 207 of Ti or Ni; and the like. Spher- 
ical photocatalytic element 210 forms a Schottky barrier 
construction. Furthermore, in order to use a portion of 
core 21 1 as a crystal seed when crystallizing n type sil- 
icon film 214, a plurality of small openings 21 1K are 
formed on films 212, 213. With this Schottky barrier con- 
struction, bending of the energy band similar to that of a 
pn junction is created on the inner side of anode elec- 
trode coating 216. A photovoltage generating area 219 
which includes an energy band bending layer 218 is 
formed near the surface of n type silicon film 214. A plu- 
rality of spherical photocatalytic elements 210 can be 
placed in an electrolyte solution, and they can be used 
in electrolysis of the electrolyte solution. Instead of met- 



allurgical silicon, insulating material or metal material 
can be used for core 241 . 

Embodiment 6 (refer to Figures 18, 19) 

[0084] Next, the construction of a spherical light emit- 
ting element which has a sapphire (alpha-AfeOa) core is 
described. Referring to Figure 18, there is shown an 
expanded view of a spherical light emitting element 220 
which is a gallium nitride blue light emitting diode. 
[0085] A spherical monocrystalline core 221 made of 
sapphire with a diameter of 1 .5 mm is prepared. On the 
surface of core 221. the following layers are deposited 
sequentially by the known method of organic metal 
chemical vapor deposition (MOCVD method): a GaN 
buffer layer 222 (approximate thickness 30nm); an n 
type GaN layer 223 (approximate thickness 3000nm); 
an lno >4 Gao. 6 N active layer 224 (approximate thickness 
3nm); a p type Alo^Gao^N layer 225 (approximate 
thickness 400 nm); a p type GaN layer 226 (approxi- 
mate thickness 500 run). For this deposition, it is pre- 
ferred to conduct the film formation of each layer 
continuously in a specified gas atmosphere while levi- 
tating spherical core 221 by a static electricity levftation 
heating equipment This will result in a uniform film for- 
mation. This construction is a single quantum well con- 
struction and is specified so that it emits a vistole blue 
light with a peak wavelength of 470 nm. The composi- 
tion, fflm thickness, film constructions can be specified 
according to the objective. 

[0086] Next, while masking the surface with a Si 3 N4 
coating or the like, a window 227 of diameter of approx- 
imately 600 micrometers is opened through reactive ion 
etching by a chlorine gas/ plasma until the surface of n 
type GaN layer 223 is exposed. In the center of window 
227, a cathode electrode 228 of diameter 200 microme- 
ters is created from a Ni/Au vapor deposition film. The 
mask of Si 3 N 4 coating or the like is removed, and an 
anode electrode 229 of diameter 200 micrometers is 
formed as a Ti/Au vapor deposition film on the surface 
on the opposite side of cathode electrode 228. Anode 
electrode 229 contacts the surface of p type GaN layer 
226. 

[0087] Referring to Figure 19, by housing blue light 
emitting diode 220 within a glass tube 230 and applying 
external voltage from an anode lead 231 to a cathode 
lead 232 and letting forward current to flow, diode 220 
will emit blue light in all directions with a peak wave- 
length of 470 nm. Referring to Figure 19, because the 
sapphire which constructs core 221 is transparent, light 
lambda* which is emitted from the opposite side is also 
radiated to the outside. Unlike the planar light emitting 
diodes of the prior art which are limited to one side, light 
is emitted from either surfaces, and the performance is 
dramatically improved, and the external light output effi- 
ciency of the inner light emission is doubled. If the dis- 
tance between surfaces of the sphere which contains 
core 221 is set so that it becomes a resonator with 
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respect to the wavelength of emitted light, it can be con- 
structed to operate as a spherical blue light laser dioda -* 
Referring to Figure 19, because the cell of blue light 
emitting diode 220 is spherical, an assembly method 
where there is insertion contact with a lead pin becomes s 
possible. Connections with a thin wire becomes unnec- 
essary, and the fact that a plurality of ceils can be easily 
be made into an array by direct contact with each other 
is the same as with the spherical solar cell described 
previously. io 

Embodiment 7 (refer to Figure 20) 

[0088] Next, an embodiment of a spherical semicon- 
ductor device material is described. Referring to Figure is 
20, there is shown a spherical semiconductor device 
material 240. comprising: a spherical core 241 ; a silicon 
nitride film 242 on its surface (thickness 0.25-0.35 
micrometer); a silicon dioxide film 243 on its surface 
(thickness 0.3-0.4 micrometer); and a semiconductor 20 
thin film layer 244 formed on its surface (thickness 
approximately 10 micrometers). Core 241 is con- 
structed from one of the following materials: semi con- 
ductor (for example, metallurgical silicon or the like); 
insulating material (sapphirei, quartz, or ceramic); metal 2s 
materials (Fe-Ni alloy. Mo or W. or the like). Semicon- 
ductor thin film layer 244 is constructed from a semicon- 
ductor of a silicon monocrystal, silicon polycrystal. or 
other compound semiconductor such as SiGe or InP, or 
the like. It can be a single layer semiconductor film, or it so 
can be a multi-layer semiconductor film. When recrys- 
tallyzing semiconductor thin film 244, silicon dioxide film 
243 can be used as the seed for the crystal. Films 242, 
243 can have similar irregularities as in Figure 1 1 , or the 
irregularities can be omitted. ss 

Embodiment 8 (refer to Figure 211) 

[0089] Next, an embodiment of a spherical semicon- 
ductor device material is described. Referring to Figure 40 
20, there is shown a spherical semiconductor device 
material 250, comprising: a spherical core 251 ; a silicon 
dioxide film 252 on its surface (thickness 0.3-0.4 
micrometer); a silicon nitride film 253 on its surface 
(thickness 0.25-0.35 micrometer); and a semiconductor 45 
thin film layer 254 formed on its surface (thickness 5-10 
micrometers). A plurality of small openings 255 are 
formed on the films 252, 253. Core 251 is constructed 
from a monocrystal semiconductor such as silicon or 
the like, or from a monocrystal insulating material such so 
as sapphire or magnesia-spinel, or the like. Semicon- 
ductor thin film layer 254 is constructed from a semicon- 
ductor of a silicon monocrystal, silicon polycrystal, or 
other compound semiconductor such as SiGe or InP, or 
the like. It can be a single layer semiconductor film, or it ss 
can be a multi-layer semiconductor film. When recrys- 
tallyzing semiconductor thin film 254, a portion of core 
251 through the plurality of openings 255 can be used 



as the seed for the crystal. 

[0090] Spherical semiconductor device material 240, 
250 of embodiments 7, 8 can be used as material for 
manufacturing various spherical light detecting ele- 
ments, various spherical light emitting elements, vari- 
ous spherical transistors, various spherical diodes, and 
spherical integrated circuits of SOI constructions. 

Claims 

1 . A spherical semiconductor device, comprising: 
a spherical core; 

a semiconductor thin film layer which is formed 
approximately in a sphere at the surface of said 
core or near the outer side of said core; 
at least one pn junction formed on said semi- 
conductor thin film layer; 
a pair of electrodes connected to both sides of 
said pn junction. 



A spheric^ semiconductor device i 
Claim 1. wherein: 



described in 



said core is constructed from a semiconductor 
material such as silicon or the lika 

A spherical semiconductor device as described in 
Claim 1, wherein: 

said core is constructed from a metal material 
which has a similar thermal expansion coeffi- 
cient as the thermal expansion coefficient of 
said semiconductor thin film layer. 

A spherical semiconductor device as described in 
Claim 1, wherein: 

said core is constructed from an insulating 
material which has a similar thermal expansion 
coefficient as the thermal expansion coefficient 
of said semiconductor thin film layer. 

A spherical semiconductor device as described in 
one claim of Claims 1 -4, wherein: 

said pn junction has a photoelectric conversion 
function where said pn junction absorbs inci- 
dent outside light and generates photovoltage; 
said semiconductor device is a solar cell or a 
photo detecting element 

A spherical semiconductor device as described in 
one claim of Claims 1-4, wherein: 

said pn junction has an electrophoto conver- 
sion function where current supplied from the 
outside via a pair of electrodes is converted to 
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light and is radiated externally; 

said semiconductor device is a light emitting 

element 

A spherical semiconductor device as described in 5 
Claims 1-4, wherein: 



except for the surface of said pair of electrodes, 
a transparent insulating film is formed on the 
outer most outside surface 



8. A spherical semiconductor device as described in 
Claim 7, wherein: 

said transparent insulating fQm also acts as an 
anti-reflective film which prevents reflection of 
outside light 

9. A spherical semiconductor device as described in 
one claim of Claims 1 -4, wherein: 

a reflective surface which has minute irregular- 
ities is positioned interior to said semiconduc- 
tor thin film layer and on the surface of or near 
the outside of said core; 
said reflective surface is formed in order to 
reflect transmitted light, which passes through 
said semiconductor thin film layer, or radiated 
light, which is generated at said semiconductor 
thin film layer. 

10. A spherical semiconductor device as described in 
Claim 5, wherein: 

a passivation film which confines carriers is 
formed on at least one side of either the inner 
surface or outer surface of the semiconductor 
thin film layer where said photovoltage is gen- 
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11. A spherical semiconductor device as described in 
Claim 7, wherein: 

said transparent insulating film is a titanium 
dioxide film which has a photocatalytic func- 
tion. 

12. A spherical semiconductor device as described in 
Claim 5, wherein: 

said core is constructed from a semiconductor 
of the same type but of a lower quality than the 
semiconductor used to construct said semicon- 
ductor thin film layer. 



said semiconductor thin film layer is con- 
structed from silicon semiconductor. 

14. A spherical semiconductor device as described in 
Claim 13, wherein: 

said core comprises metallurgical silicon. 

15b A spherical semiconductor device as described in 
Claim 5, wherein: 

a coating is formed on the surface of at least 
one electrode of said pair of electrodes; 
said coating is exposed to the outermost out- 
side surface and has photocatalytic function. 

16. A method of manufacturing a spherical semicon- 
ductor device, comprising: 

a first step where a spherical core is con- 
structed using core material of a material 
selected from the group consisting of semicon- 
ductor materials, insulating materials, or metal 
materials; 

a second step where a semiconductor thin film 
layer which is approximately spherical is 
formed on the surface of said core or near its 
outer side; 

a third step where at least one pn junction is 
formed within said semiconductor thin film 
layer; 

a fourth step where a pair of electrodes is 
formed so that it is connected to both sides of 
said pn junction. 

17. A method of manufacturing a spherical semicon- 
ductor device as described in Claim 1 6, wherein: 

in said first step, said core material is heated 
and melted while being levitated by a levitating 
means; 

a spherical core is created by allowing said 
melt to solidify while it is falling inside a drop 



13. A spherical semiconductor device 
Claim 5, wherein: 



i described in 
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18. A method of manufacturing a spherical semicon- 
ductor device as described in Claim 16, wherein: 

after the second step and before the third step, 
there is a reheating and dropping step, where 
the small spherical body which contains said 
core and semiconductor thin film layer is 
heated and melted by an electromagnetic tes- 
tation means, and the melt is allowed to solidify 
while falling in a drop tube. 

19. A method of manufacturing a spherical semicon- 
ductor device as described in Claim 18. wherein: 



14 



27 



EP0940 860A1 



28 



in said first step, core material of semiconduc- 
tor material is used; 

and in the reheating and dropping step, semi- 
conductor thin film layer is crystallized using 
said core as the seed for its crystal growth. s 

20. A method of manufacturing a spherical semicon- 
ductor device as described in Claim 16. wherein: 

after the second step and before the third step, 10 

there is a coating formation step, and then a 

reheating and dropping step; 

in said coating formation step, an inorganic. 

heat-resistant insulating coating is formed on 

the surface of said semiconductor thin layer is 

film; 

in said reheating and dropping step, the spher- 
ical body which includes said core and said 
semiconductor thin film layer is heated and 
melted by electromagnetic levitation heating 20 
means, and the melt is solidified while it is 
dropped inside a drop tube. 

21. A method of manufacturing a spherical semicon- 
ductor device as described in one of Claims 16-20, 25 
wherein: 

after the third step and before the fourth step, in 
an insulating film formation step, an insulating 
film of titanium dioxide is formed on the outer so 
most surface of said spherical semiconductor 
device. 



a semiconductor thin film layer which is approx- 
imately spherical formed on the surface of the 
core of near its outer side. 

25. A semiconductor device material as described in 
Claim 24. wherein: 

said core is constructed from a semiconductor 
material which has different properties than the 
semiconductor which constructs said semicon- 
ductor thin film layer. 

26. A semiconductor device material as described in 
Claim 24. wherein: 

said core is constructed from a transparent 
insulating material. 

27. A semiconductor device material as described in 
Claim 24, wherein: 

said core is constructed from metal material. 



22. A method of manufacturing a spherical semicon- 
ductor device as described in one of Claims 16-20, 35 
wherein: 

in said second step, at least a portion of the 
processing to form said semiconductor thin film 
layer is conducted while the object which con- 40 
tains said core is suspended by an electromag- 
netic or static electricity levitation means. 

23. A method of manufacturing a spherical semicon- 
ductor device as described in one of Claims 16-20, 45 
wherein: 

all of or a portion of the processing after said 
semiconductor thin film layer formation, includ- 
ing pn junction formation, electrode formation, so 
and surface protective f 8m formation of the like, 
is conducted while the object is suspended by 
a electromagnetic or static electricity levitation 
means. 

ss 

24. A semiconductor device material, comprising: 

a spherical core; 
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FIG.1 1 
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FIG. 14 
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FIG. 16 
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